We present 1 to 10 GHz radio continuum flux density, spectral index, polarisation and Rotation Measure (RM) images of the youngest known Galactic Supernova Remnant (SNR) G1.9+0.3, using observations from the Australia Telescope Compact Array (ATCA). We have conducted an expansion study spanning 8 epochs between 1984 and 2017, yielding results consistent with previous expansion studies of G1.9+0.3. We find a mean radio continuum expansion rate of (0.78±0.09) per cent year −1 (or ∼ 8900 km s −1 at an assumed distance of 8.5 kpc), although the expansion rate varies across the SNR perimeter. In the case of the most recent epoch between 2016 and 2017, we observe faster-than-expected expansion of the northern region. We find a global spectral index for G1.9+0.3 of −0.81 ± 0.02 (76 MHz-10 GHz). Towards the northern region, however, the radio spectrum is observed to steepen significantly (∼ −1). Towards the two so called (east & west) "ears" of G1.9+0.3, we find very different RM values of 400-600 rad m 2 and 100-200 rad m 2 respectively. The fractional polarisation of the radio continuum emission reaches (19 ± 2) per cent, consistent with other, slightly older, SNRs such as Cas A.
INTRODUCTION
There are currently only ∼10 confirmed 'young' (defined as being less than 2000 years old) Galactic Supernova Remnants (SNRs) out of a predicted ∼50 (van den Bergh & Tammann 1991; Cappellaro et al. 2005) . The SNR G1.9+0.3 is believed to be the youngest in the Milky Way (MW) with an age (calculated from its expansion rate) of ∼150 years (Borkowski et al. 2017; De Horta et al. 2014; Reynolds et al. 2009 Reynolds et al. , 2008 Green et al. 2008; Carlton et al. 2011 ). Pavlović (2017) estimated the age of G1.9+0.3 as ∼120 years, based on an analysis of the hydrodynamical and radio evolution of this young SNR. Previous studies suggest G1.9+0.3 is a Type Ia SNR (Borkowski et al. 2013) . The high expansion velocity of G1.9+0.3, absence of an obvious Pulsar Wind Nebulae (PWN), and bilateral symmetry of the X-ray emission have all been previously used as evidence (Borkowski et al. 2017) . Borkowski et al. (2013) further postulated that only a very unusual core-collapse event could reproduce the observations, while a reasonable Supernova (SN) Type Ia model can reach the observed size and velocity with a mean external density of ∼0.02 cm 3 (Borkowski et al. 2010 ). Therefore, detailed studies of this fast evolving SNR will give us unprecedented insight into the evolution of SNRs in general, with a particular interest in the early stages of their evolution, the dynamics of SN ejecta and on particle acceleration.
Upon its discovery with the Very Large Array (VLA; Green & Gull 1984) , G1.9+0.3 was noted to have a radio brightness comparable to the Tycho and Kepler SNRs with a spectral index of α ∼ −0.6 1 . Molonglo Observatory Synthesis Telescope (MOST) Galactic Survey data resolved a shell-like morphology with diameter 1. 2 (Gray 1994) . Subsequent studies of 20/90 cm VLA data characterised the SNR as having diameter 1 and spectral index of α = −0.93±0.23 (LaRosa et al. 2000; Nord et al. 2004) , with the steep spectral index suggesting the radio emission is primarily synchrotron based. Farnes (2012) later mapped the spatial variation in polarisation and spectral index, noting flatter spectra in the NW and SE of the remnant.
Distance is a key variable for calculating expansion velocity and age. Nord et al. (2004) inferred the distance to be <7.8 kpc using the lack of 74 MHz absorption by the Galactic Plane as an indicator that G1.9+0.3 is on the near side of the Galactic Center (GC). This distance is consistent with X-ray absorption studies . Subsequently, H i absorption in the so-called 'Feature-I' gas structure (Cohen 1975 , See Section 3.1) was observed in the G1.9+0.3 radio continuum emission, implying that the SNR is beyond Feature-I (Roy & Pal 2014) . Feature-I extends >5 • in Galactic longitude and does not appear in H i-absorption towards the Sagittarius A * radio continuum, so this component lies beyond the precise GC distance. It follows that G1.9+0.3, as it corresponds with Feature-I, must also lie beyond the GC, which, following IAU standards, we assume to lie at a distance of 8.5 kpc (Kerr & Lynden-Bell 1986 ). However, we do note the recent disagreement in this fundamental parameter by Francis & Anderson (∼7.4 kpc; 2014) and de Grijs & Bono (∼8.3 kpc; 2016) . The far 3 kpc-Expanding arm at line of sight velocity ∼ +50 km s −1 , does not appear in absorption (Roy & Pal 2014) , therefore G1.9+0.3 is in front 1 Spectral index is defined as S ∝ ν α of this component. We therefore assume G1.9+0.3 to have a distance of 8.5 kpc, which is consistent with both X-ray absorption studies (Carlton et al. 2011) , and the lower and upper distance constraints derived from Feature-I and the far Expanding arm, respectively. Green et al. (2008) re-observed G1.9+0.3 at 4.86 GHz using the VLA after Reynolds et al. (2008) used 2007 Chandra images to show G1.9+0.3 had expanded significantly since 1985 and its X-ray emission appeared to be predominantly synchrotron in nature. By comparing these new VLA observations with the 1985 VLA observations made at 1.49 GHz, Green et al. (2008) X-ray observations have also been used to measure expansion, with Carlton et al. (2011) finding an expansion rate of 0.642 ±0.049 per cent per yr and a flux density increase of 1.7 ±1.0 per cent per yr by comparing 2007 and 2009 Chandra images. A simple uniform-expansion model leads to a G1.9+0.3 age estimate of 156±11 years old assuming no deceleration, however, a uniform expansion model is probably an oversimplification. Borkowski et al. (2013) recorded ejecta from G1.9+0.3 to have speeds as large as ∼18 000 km s −1 . In their study, an implied abundance inhomogeneity of Fe-rich northern ejecta and Si/S-rich eastern ejecta were said to be consistent with asymmetrical Type Ia SN explosion models.
As G1.9+0.3 expanded, it also brightened. Murphy et al. (2008) found that the flux density of G1.9+0.3 at 843 MHz increased by (1.22± 0.24 0.16 ) per cent per yr over the last two decades. From simulations based on the non-linear diffuse shock acceleration (NLDSA) model, Pavlović (2017) found that the radio flux density should have increased by ∼ 1.8 per cent per yr over the past two decades. Such behaviour would be consistent with a SNR sweeping up the surrounding Interstellar Medium (ISM) increasing number of particles which can be injected into the NLDSA process, gaining ultra-relativistic energies and emitting synchrotron radiation. Additionally, this numerical model predicts that the radio flux density will increase, reaching its maximum value around 500 years from now. During the late free expansion phase, the SNR flux density will start to decrease. The beginning of Sedov phase will start around 1700 years after the initial SN explosion. Pavlović (2017) emphasised that in this stage of evolution of G1.9+0.3, we are witnessing the fastest increase in radio brightness this SNR will ever produce. Moreover the steep radio continuum spectrum of G1.9+0.3 obtained from various observations can be explained as a result of the efficient NLDSA accompanying with strong magnetic field amplification (Pavlović 2017) .
However, Reynolds et al. (2008) noted that the radii of the X-ray and radio shells of G1.9+0.3 differ by ≈ 20 per cent. This difference can not be explained if electrons are accelerated only at the forward shock of G1.9+0.3 as the maximum offset possible in the case of very efficient magnetic field amplification and thus efficient synchrotron cooling is of the order of 5 per cent. Brose et al. (2019) showed that the different expansion and brightening of the radio and X-ray shells can be explained if the X-ray emission originates at the forward shock and the radio emission mainly at the reverse shock. Efficient particle acceleration at the reverse shock has been proposed earlier (Telezhinsky et al. 2013) . Combined with the young age of G1.9+0.3, a reverse-shock density three times higher than the forwardshock density and a reverse shock speed of ≈ 5600 km s −1 in the plasma frame, G1.9+0.3 is a prime candidate for the detectable non-thermal emission from the reverse shock. G1.9+0.3 has previously been observed with the ATCA. However, the Compact Array Broadband Backend (CABB) upgrade (Wilson et al. 2011 ) increased the resolution, sensitivity and bandwidth of the array. This allows us a detailed look at the SNR morphology and spectrum, as well as providing additional epochs with which to measure the expansion of this young Galactic SNR. Observations of G1. 9+0.3 from 1984, 1985, 1987, 1989 and 2008 (taken from the VLA archives) and our ATCA observations (from 2009, 2016 and 2017) give us an opportunity to conduct a high-precision study of its expansion in the radio regime.
In this paper, we present the results from 2016 & 2017 ATCA observations of G1.9+0.3. In Section 3.1 we investigate H i absorption and CO(1-0) structure towards G1.9+0.3 in the context of previous studies. We derive the expansion rate of G1.9+0.3 using the new observations taken using the ATCA and previous images from the ATCA and VLA in Section 3.2. This is followed by our polarisation and Rotation Measure (RM) studies of the SNR in Section 3.3. In Section 3.4, we present spectral index maps, and calculate a revised G1.9+0.3 spectral index using our ATCA observations and data from the GaLactic and Extragalactic All-sky MWA survey (GLEAM) project (Wayth et al. 2015) . In Section 3.5, we then calculate the general and local radio flux density increase of G1.9+0.3.
The results are discussed in Section 4, with the conclusion presented in Section 5.
DATA AND OBSERVATIONS
We observed the SNR G1.9+0.3 in 2016 and 2017 using the ATCA across three twelve hour periods (Project C1952; Table 1). Using the EW352 array on 26-27 January 2016, we observed in spectral line (observed at 1421 MHz, 1610 MHz, 1664 MHz, 1666 MHz and 1719 MHz) and continuum mode (2100, 5000 and 9000 MHz) using a frequency switching technique. The 6B array was used on 8-9 March 2016 in continuum mode (2.1, 5 and 9 GHz). On 20-21 May 2017, we used the 6A array in spectral line mode (observing at 1421 MHz, 1610 MHz, 1664 MHz, 1666 MHz and 1719 and continuum mode (2100, 5000 and 9000 MHz) using a frequency switching mode. Over this time and across all arrays used, there was a total of 44 unique baselines, covering a range of spacings between 30 m and 5969 m and giving us excellent uv coverage.
The same flux density calibrator and phase calibrator (1710-269) were used for all observations. The complete observational details are available in Table 1 .
The miriad (Sault et al. 1995) software package was used to reduce the data in multi-frequency synthesis mode, with the deconvolution being completed with the invert, mfclean and restor tasks, and primary beam correction with the linmos task with shadowed data flagged out. Figures 1 and 2 show the final continuum images at each of observed frequencies (2.1, 5 and 9 GHz), as well as combined (2.1 and 5 GHz and 2.1, 5 and 9 GHz). The two combination images were synthesised using a restricted uv range within the invert task to ensure appropriate (common) uv coverage. These images are the most sensitive (R.M.S Noise of 0.05/0.06 mJy beam −1 ) and prove to be ideal for our expansion study (Section 3.2), and localised spectral index study (Section 3.4). However, we acknowledge that the physical meaning of such images is ambiguous, since different emission mechanisms are contributing emission on different scales at different frequencies.
The 2016 images at 2.1 and 5 GHz were created using a robust of -1, the 9 GHz image using a robust ('Briggs Weighting') of 0, and the two combination images with a robust of -1. All images were phase self-calibrated using the selfcal task. The 2017 images are all prepared using a robust of -1. Images in Figures 1 and 2 were produced using the cgdisp task, and analysed using the karma software package (Gooch 2011) .
The H i absorption study in Section 3.1 was completed using the Stokes I image cube produced by miriad with its invert, clean, restor, uvmodel, uvlin -subtracting continuum using a linear model based on 1900 line-free channels -tasks.
The expansion study shown in Section 3.2 was completed using the Stokes I images produced by miriad with its invert, mfclean, restor, linmos tasks and shell profiles measured using the cgslice task. Figures 5, 6 and 7 were created using the matplotlib python library (Hunter 2007) .
The polarisation study in Section 3.3 was completed using the Stokes I, Q and U images at 5 GHz produced by miriad with its invert, mfclean, restor and impol tasks. The images in Figure 8 were produced by smoothing to a common resolution of 9 and then overlaying the polarisation vectors on a continuum image using the cgdisp task. The RM in this section was measured by splitting the 2 GHz bandwidth into four equal bands.
The spectral index and spectral index map in Section 3.4 were completed using the Stokes I images produced by miriad with its invert, mfclean, restor, linmos and mfspin tasks. Figure 11 was created using the cgdisp task. The spectral index map is created using a combined 2.1, 5 and 9 GHz image, with the uv coverage tapered to ensure that all frequencies cover the same uv range. This resulted in better sensitivity over the wider frequency range at the expense of somewhat lower resolution.
To complement our ATCA data, we examined preliminary 12 CO(1-0) and 13 CO(1-0) data from the Mopra Southern Galactic Plane CO Survey (Burton et al. 2013) , taken between 2013 and 2018 by the 22-m Mopra radio telescope, located in the Warrambungles National Park, Australia. The full survey data release will cover longitudes of −110 • < l <11 • and latitudes of |b| < 1 • , with extensions in selected regions of interest (Braiding et al. 2018) . The full survey also includes the C 18 O(1-0) and C 17 O(1-0) isotopo-logue transitions, however these were not available for this investigation. The specific Central Molecular Zone (CMZ) data presented in this paper are preliminary and will be publicly released by Blackwell et al. (2019) , who also outline the full data reduction process.
Mopra CO data have a 36 angular resolution. The Mopra spectrometer, MOPS, has eight 4096-channel dualpolarisation bands that deliver spectra with a velocity resolution of 0.1 km s −1 when in 'zoom'-mode. The full velocityrange of the CO data scrutinised in our analysis is |v LSR | < 300 km s −1 , encompassing all of the known molecular components within the CMZ.
RESULTS AND ANALYSIS

Absorption
Figure 3 displays spectra for Mopra 12 CO(1-0), 13 CO(1-0) and ATCA H i towards G1.9+0.3. Both a raw H i spectrum and a residual H i spectrum, where the H i spectrum from a neighbouring region is subtracted, are shown. Absorption previously observed by Roy & Pal (2014) at ∼10 km s −1 is visible in our residual H i spectrum. Roy & Pal (2014) attributed this gas component to local and Sagittarius arm gas. 12 CO(1-0) and 13 CO(1-0) emission indicates that molecular gas is also present towards G1.9+0.3 at a line-of-sight velocity ∼10 km s −1 and it may be associated with an atomic component corresponding to the H i-dip present in the residual H i spectrum. However, since the central line velocities are offset by ∼3 km s −1 (∼7 km s −1 for CO, ∼10 km s −1 for H i), we make no firm conclusion regarding an association. Additionally, the complex nature of the GC makes it difficult to disentangle the foreground and background sources Roy & Pal (2014) also found H i absorption components at −50 km s −1 and +150 km s −1 . Our ATCA residual H i spectrum does not clearly show either feature, so we do not make any new firm conclusions regarding the foreground/background nature of line of sight H i components, and assume a distance of ∼8.5 kpc in our analysis. Figure 4 is a position-velocity image of Mopra CO(1-0) emission towards ∼0.9 • of longitude encompassing G1.9+0.3. This image shows near-zero and ∼50 km s −1 components visible in the CO(1-0) spectrum (Figure 3 ), as well as gas at +150 km s −1 that can not be discerned in Figure 3 . As noted by Roy & Pal (2014) , gas at +150 km s −1 likely corresponds to the so-called 'Feature-I', which is close to the inner Galactic centre and extends to be background to Sgr A*. As noted earlier, this feature is seen in H i absorption by Roy & Pal (2014) , but not confirmed in our analysis of ATCA H i data. We further note that a tentative H i emission component at +150 km s −1 may exist in Figure 3 . However, since 'Feature-I' is very close to the Galactic Centre, a confirmation of this component would have little effect on the assumed G1.9+0.3 distance of 8.5 kpc.
Expansion
Given the lack of known young Galactic SNRs, confirmation of the age as well as the measurement of its expansion is very important for evolutionary studies. The calculation of G1.9+0.3 age and expansion rate follows the method described in De Horta et al. (2014) and Roper et al. (2018) Expansion is calculated across multiple radiocontinuum images from between 1984 and 2017, produced from observations using both the VLA and ATCA. Details of the observations are in Table 4 . These images were smoothed/convolved to a single beam size (matched to the lowest resolution image -11.12 × 5.32 ). They were then regridded to ensure that all images had the same center of RA(J2000)=17 h 48 m 45 s and DEC(J2000)=-27 • 10 6.7 and same pixel size. Shell profiles were then measured over 32 arcs, beginning at due west and continuing counterclockwise (paralactic angle, see Figure 6 ). 32 arcs were chosen to avoid over-sampling the images, giving a shell profile every ∼11 • in SNR shell azimuth, demonstrated in Figure 7 .
Using the shell profiles measured from all 8 epochs over a single arc, we measure the distance from the SNR centre to the peak radio brightness along the shell. These radii data points were plotted against corresponding years, and a least squares fit to the line was used to determine the expansion rate in arcseconds per unit of time. The residuals from the fitted line were used to establish the statistical uncertainty of this expansion rate. In this analysis, the southern breakout region where no clear shell profile could be discerned was excluded, demonstrated in Figure 7 .
Once the entire SNR (at each given observation date) had been measured and fitted lines produced, we estimated the expansion of G1.9+0.3 (in arcseconds per year, percentage per year and kilometres per second), and finally, the approximate free-expansion age. The former is shown in Fig Figure 7 . This allows us to directly compare our radio continuum expansion study to the X-ray estimates. We have included in Table 5 the mean expansion rates and age, as well as the maximum expansion rates and age based thereupon. As expected, these are the regions with the largest expansion rate at both wavebands.
Overall, we have found that the SNR G1.9+0.3 has expanded between 1984 and 2017 at an average rate of (0.78±0.09) per cent per yr or (∼8 900±1 200) km s −1 which implies a free-expansion age of (142±19) yrs, dating this SNR explosion to mid-to-late 19 th century. This result agrees with previous studies estimating an expansion rate of (0.642±0.049) per cent per yr by Borkowski et al. (2017) ; Carlton et al. (2011) and is slightly faster than the (0.563±0.078) per cent per yr measured by De Horta et al. (2014) .
Polarisation
The polarisation of a SNR can be an additional clue towards its age, with young SNR's typically exhibiting a radially orientated magnetic field (Reynolds et al. 2012) . At the same time, polarisation is an indicator of the emission mechanism of the SNR, with the presence of polarisation indicative of non-thermal emission from high energy electrons. As a shock evolves and sweeps-up an increasing mass, the shock is expected to decelerate, giving rise to Rayleigh-Taylor instabil- Table 2 ). Contour levels for the 2.1 GHz image are 15, 20, 25, 30 and 33 σ (σ = 0.16 mJy beam −1 ). 5.0 GHz contours are 2, 3, 5 and 10 σ (σ = 0.10 mJy beam −1 ). 9.0 GHz contours are 2, 3, 5 and 10 σ (σ = 0.11 mJy beam −1 ). 2.1 and 5.0 GHz combined image contours are 15, 20, 25, 30 and 33 σ (σ = 0.06 mJy beam −1 ). 2.1, 5.0 and 9.0 GHz combined image contours are 3, 4, 5, 6, 7, 8, 9 and 10 σ (σ = 0.05 mJy beam −1 ). Table 2 ). Contour levels for the 2.1 GHz image are 3, 5, 10, 15, 20, 25, 30 and 33 σ (σ = 0.12 mJy beam −1 ). 5.0 GHz contours are 2, 3, 5, 6 and 7 σ (σ = 0.13 mJy beam −1 ). Table 5 . Expansion study results -matched resolution (11.12 ×5.32 ) using images synthesised from observations from 1984, 1985, 1987, 1989, 2008, 2009, 2016, 2017 . The regions are as defined in Figure 6 . ities (Gull 1975; Chevalier 1976) . As this occurs, the magnetic field lines become increasingly disordered and toroidal, which is apparent from the disordered polarisation vectors (Gull 1973; Johnston et al. 2004 ). This is largely borne out by similarly young Type Ia SNR's (Milne 1987) , as well as those in the Large Magellanic Cloud (LMC; Bozzetto et al. 2014 ).
The ATCA, by default, records the Stokes Q and U parameters required to calculate the polarisation vectors. This ensures that as long as the secondary calibrator is observed regularly, and the data are correctly calibrated, then the resultant polarisation map will be reliable.
The full resolution polarisation images and the RM map have very little signal-to-noise ratio. For a better analysis we therefore convolved the Q and U maps in the four bands to a common resolution of 9 . We re-calculated maps of polarised intensity (PI) and polarisation angle and the resulting RM at the resolution of 9 . The resulting RM map and an integrated polarised intensity map across the whole band around 5 GHz are displayed in Figure 8 1984 -31.25 1985 -31.25 1987 -31.85 1989 -32.45 2008 -35.46 2009 -35.46 2016 -37.86 2017 -38.46 Figure 5. Average shell profiles taken from images synthesised from observations taken from the VLA in 1984 VLA in , 1985 VLA in , 1987 VLA in , 1989 VLA in and 2008 , and from the ATCA in 2009, 2016 and 2017 (all synthesised to a beam size of 11.12 ×5.32 ). Line profiles generally show the expected expansion, except in 2016-2017 where the lack of short spacings would seem to be producing a larger average shell profile than expected.
observed polarisation angles for Faraday rotation and added the corrected B-vectors to the PI map in Figure 8 -right.
In the RM map in Figure 8 -left we can see that the eastern (left) shell is dominated by high positive RMs of about +400 to +600 rad m −2 , while the western (right) shell shows mostly low positive RMs of about 100 to 200 rad m −2 . To quantify the distributions of RMs on both of the shells we plot RM values as a function of Right Ascension (RA) in Figure 9 . Dashed lines represent the mean values of the eastern and western shells, 411 rad m −2 and 123 rad m −2 respectively. The two concentrations of RMs at about 44 s and just below 46 s belong to the weakly polarised northern part of the shell (see left panel in Figure 8 ). In Figure 8 -right the derived magnetic field vectors in the southern parts of the shells seem to be mostly parallel to the shock normal (parallel from now on), with an average angle of about 20 • to the RA axis. To the north, the eastern shell shows a departure from the parallel magnetic field at a Declination of about −27 • 10 exhibiting close to tangential field (perpendicular to the shock normal; perpendicular from now on). This change in the field structure also coincides with a region of elevated RM value. The parallel magnetic field seems to continue further north for the Western shell, but then changes towards the weakly polarised blobs in the northern part of the shell. This difference in intrinsic magnetic field directions projected to the plane of the sky might be caused by possi-ble interaction of the SNR shell with molecular material in the north.
Spectral Index
We estimated the spectral index in Figure 10 Murphy et al. (2008) measured with the MOST and scaled by 12 per cent to account for the brightening found within their paper, and the flux densities measured from our 2016 ATCA observations. Our flux densities were measured from the 2016 ATCA 2.1, 5 and 9 GHz images, where they had all been convolved to the same beam and pixel size. The 2.1 GHz image was then masked to 20σ (σ = 0.16 mJy beam −1 ) and then used to mask the 5 and 9 GHz images to ensure the flux density measurements were taking into account the same pixels for all images. All flux densities used in Figure 10 are listed in Table 6 .
Using these flux densities, we obtain a spectral index of −0.81 ± 0.02 -shown in Figure 10 . Expansion rates measured using multiple images. We use all radio images accessible from 1984 from , 1985 from , 1987 from , 1989 from and 2008 from from the VLA and 2009 from , 2016 and 2017 from the ATCA (all synthesised to a beam size of 11.12 ×5.32 ). The plot shows the position angle relative to West of which the expansion was measured along the X-axis, and the expansion measured along the Y-axis (measured in arcseconds per year on the left and kilometres per second on the right).
(2008) note that their estimated spectral index differs from values in the literature, and instead suggest a spectral index of ≈-0.7, which is closer to the spectral index estimated here. With a spectral index of -0.81 ± 0.02, G1.9+0.3 has one of the steepest spectral indexes known in our Galaxy and Small & Large Magellanic Clouds (MCs; Bozzetto et al. 2017; Maggi et al. 2019) . Such a steep spectral index is characteristic of young SNRs (Urošević 2014) . The steep spectra of young SNRs can be caused by quasi-perpendicular magnetic field geometry (Bell et al. 2011) , turbulent magnetic field amplification (Bell et al. 2019) , Alfvenic drift effect (Jiang et al. 2013) , and by pure NLDSA effects which efficiently produce strong magnetic field amplification (Pavlović 2017) .
By using the radio spectrum from the ATCA, MOST and Murchison Widefield Array (MWA) in conjunction with the distance of ∼ 8.5 kpc and a diameter of 95 , we can calculate the total flux density at 1 GHz (0.99 Jy) surface Brightness (0.60 × 10 −19 W (m 2 Hz SR) −1 ) and luminosity between 10 MHz and 100 GHz (0.89×10 26 W Hz −1 ).
The spectral index map presented in Figure 11 is the product of the miriad task mfspin, with our 2.1, 5.0 and 9.0 GHz data combined into a single uv file before imaging, with the uv range tapered to ensure matching coverage across all bands. This image was then masked to 20σ -where σ is measured to be 0.05 mJy beam −1 , before the miriad task mfspin was run, allowing for the final 20σ spectral index map in Figure 11 to be created. The steepest section of this spectral index map is measured at -1.07 in the northern region, where we also see somewhat randomised polar-isation vectors (Figure 8 ) and extreme radio brightening in Section 3.5. The average spectral index measured across the SNR is -0.61, with a standard deviation of 0.18.
We would not necessarily expect the spectral index presented in Figure 10 to be equivalent to the average spectral index measured from the spectral index map presented in Figure 11 , as the spectral index presented in Figure 10 is effectively taking the average across the map unweighted by flux density, whereas the spectral index map in Figure 11 is effectively weighted by the flux density.
Radio Brightening
In Figure 12 , a striking difference in the northern shock position was observed, with the 2017 G1.9+0.3 image extending farther north than 2016 image. By taking our 2.1 GHz observations from March 2016 with the ATCA in a 6B configuration and our 2.1 GHz observations from May 2017 with the ATCA in a 6A configuration imaged to the same beam size, we can construct an image comparing the flux density levels from each. Figure 13 is an image that shows the relative radio flux density brightening, calculated using Equation 1 across the 14 month period.
We mask the resulting image so that any pixel is masked if it is below 10σ in either the 2016 im- Figure 7 . Visualisation of the vectors used to calculate the expansion rates in Figure 6 . The greyscale is the average of all epochs used. The coloured vectors correspond to the West / North-North-East / East-South East / South regions marked in Figure 6 . Vectors extending towards the southern breakout region were discarded. age (σ =0.16 mJy beam −1 , or in the 2017 image (σ =0.28 mJy beam −1 ).
The brightness percentage map in Figure 13 has an average increase of 1.95 per cent. There is a minimum of -57.08 per cent, and a maximum brightening of 228.30 per cent along the northern region where we found decreased expansion in Section 3.2, a less-ordered polarisation field as can be seen in Figure 8 -Right and a steep spectral index in Section 3.4.
By interpolating this 1.95 per cent brightening rate from the measured 14 months to 12 months, we find an average brightening of (1.67±0.35) per cent per yr (consistent with the value of 1.8 per cent predicted by simulations in Pavlović (2017)), minimum brightening rate of ∼-50 per cent per yr and a maximum brightening rate of ∼200 per cent per yr. Our new average result is in line with the (1.22 +0.24 −0.16 ) per cent per yr measured by Murphy et al. (2008) with their study over 20 years using the MOST, and the ≈2 per cent increase per year measured by Green et al. (2008) with the VLA.
DISCUSSION
SNR G1.9+0.3 is unique, in that it is the youngest known Galactic Type Ia SNR. As such, it provides a window into the evolution of the young SNRs. While some of the observations demonstrated are within the expected and currently measured bounds -Radio expansion rate and spectral index -some observations differ.
The RM map shown in Figure 9 is indicative of one of the divergences from current observations. A similar behaviour for the distribution of RMs on the two opposite shells of an SNR were found for the SNR G296.5+10.0 by Harvey-Smith et al. (2010) . They found relatively constant RMs of opposite sign on both shells of the SNR. As G1.9+0.3 is estimated to be further away, and closer to the centre of our Galaxy, we would expect quite significant foreground RM. Assuming a positive foreground RM of about +267 rad m −2 , the internal eastern and western shell RMs would be roughly matched with opposite signs of about ±144 rad m −2 (see Figure 9 ). We tried to analyse the foreground RM by comparing RMs of pulsars and extra-galactic sources, at short angular distances from the SNR. For the pulsars we are using the "The Australia Telescope National Facility Pulsar Catalogue" (Manchester et al. 2005) 2 . We find two pulsars with known RM of +421 and +916 rad m −2 within 1 • of G1.9+0.3 (Han et al. 2018) with Dispersion Measure (DM) distances of 5.2 and 4.2 kpc, re- spectively (Yao et al. 2017) . There are two linearly polarised background extra-galactic sources with RMs of +806 and +638 rad m −2 within 1 • of G1.9+0.3 taken from a catalog of Faraday RM of point sources published by Xu & Han (2014) 3 . These values indicate that the RMs in this direction are varying a lot and are in general positive with a high amplitude. A foreground RM of +267 rad m −2 is certainly Table 6 for the individual flux density measurements used) from 76 MHz to 227 MHz, one 843 MHz flux density measured using the MOST (with the flux density scaled based on the radio brightening found by Murphy et al. (2008) ) and the 2.1, 5.0 and 9.0 GHz flux densities measured using the 2016 ATCA observations. not unexpected, but is low compared to other RMs from the same direction. However, it also cannot be excluded that the difference in the RM between the eastern and western shell is simply due to variations of the foreground RM. -Smith et al. (2010) showed that such a behaviour of the RM in G296.5+10.0 can be explained by a SNR expanding inside an azimuthal/toroidal magnetic field in the stellar wind of the progenitor star of the SN explosion. In this case, magnetic field lines would be wrapped around the expanding SNR in the equatorial region which in the projected picture will show up as a quasi-radial field inside the shell with the decrease of the in-plane component to- wards the edge of the remnant. This roughly corresponds to what we see in G1.9+0.3 (see Figure 8 -left) if the equatorial plane is tilted by 20 • with respect to the RA axis. From such a magnetic field configuration we would expect the RMs to have the same amplitude on both shells but opposite sign. Harvey-Smith et al. (2010) simulated the expansion of a late time stellar wind of the progenitor star in order to calculate the RM that would be imposed on background linearly polarised emission. They studied several different progenitor stars and showed that the Red Super Giant (RSG) wind can be responsible for the levels of the RM in G296.5+10.0. Using the same formalism, it is easy to demonstrate that this could also be a plausible scenario to explain the RM distribution in G1.9+0.3. However, the RSG wind and toroidal magnetic field hypothesis does not explain all aspects of this SNR.
Harvey
First, to reach the size of G1.9+0.3 in this scenario, the age of the SNR would need to be closer to ∼400 years old (Dwarkadas 2005; Telezhinsky et al. 2013 ), because of the expected shock speed of a SNR expanding inside the stellar wind of the progenitor star. A super-luminous SN explosion would be required to reach the expansion velocity and size observed in G1.9+0.3. Additionally, the lower shock speed anticipated from this scenario would result in a lower maximum electron energy, which would be difficult to reconcile with the observed X-ray emission. The RSG-scenario should produce more thermal X-ray emission than reported by Borkowski et al. (2013) .
Second, the RSG-scenario would make G1.9+0.3 a twin of Cassiopeia A, which would raise the question -why are the respective morphologies so different?
Third, a toroidal magnetic field in the stellar wind of the progenitor star would be parallel to the shock, which makes particle acceleration at the shock very inefficient (Caprioli & Spitkovsky 2014; Völk et al. 2003) which in turn results in a lack of magnetic field amplification by the Cosmic Rays (CRs). This contradicts the explanation of the synchrotron emission from the SNR. Theoretical modeling requires a high magnetic field downstream of the forward shock with estimates ranging from 180 µG (Brose et al. 2019) to > 300 µG (Pavlović 2017; Urošević et al. 2018 ) which in turn are in agreement with an equipartition magnetic field of 180 − 273 µG (De Horta et al. 2014) .
Finally, simulations presented in Brose et al. (2019) strongly suggest that radio emission predominantly originates from the reverse shock, which means that it is not sensitive to the the structure of the magnetic field upstream of the forward shock. A dedicated study of polarisation of the X-ray emission would be extremely important to solve some of these discrepancies.
Unexpected radio brightening was also observed in the northern region. Uchiyama et al. (2007) has previously observed localised brightening (and fading; explained by synchrotron cooling) of X-ray emission in RX J1713.7−3946 on a one year timescale. This was said to be synchrotron emis-sion from electrons quickly accelerated by the diffusive shock acceleration (DSA) process, and the high energy of the variable emission indicated magnetic field amplification in that region of the SNR shock, which corresponds to dense molecular clumps (Sano et al. 2010; Maxted et al. 2013; Sano et al. 2015) . Therefore, the largest brightening increase in the northern parts of G1.9+0.3 (Figure 13 ) may indicate regions of shock interaction with a highly inhomogeneous ISM. This motivates future X-ray studies probing small-scale Xray features as well as future ISM observations at arc-sec resolution (e.g. using ALMA, e.g. see Sano et al. 2019, or ATCA) to identify shock/ISM interactions.
In addition to exhibiting short-timescale X-ray brightening linked to particle acceleration, SNR RX J1713.7-3946 is a strong TeV gamma-ray source H.E.S.S. Collaboration et al. 2018 ) and has been the subject of a number of investigations that search for signatures of CR hadrons accelerated within the SNR shell (e.g. Fukui et al. 2012) . The localised radio brightening of G1.9+0.3 discovered in our study highlights the potential of G1.9+0.3 as a powerful particle accelerator as well. Indeed, as argued in Section 3.3, the B-field amplification implied by strong synchrotron X-ray emission can be naturally explained by CRs (e.g. CR streaming instabilities). It follows that this object is a key target in CR origin studies with future highsensitivity TeV gamma-ray observations of the Cherenkov Telescope Array (CTA, see Cherenkov Telescope Array Consortium et al. 2019) .
CONCLUSION
This radio study of the youngest known Galactic SNR has used new ATCA observations in 2016 and 2017 and preliminary observations from the Mopra and MWA telescopes to examine the flux density, distance, spectral index, polarisation, brightening and expansion of the G1.9+0.3 shell. Our main findings are:
• Our H i and CO study is consistent with a distance of 8.5 kpc;
• G1.9+0.3 has a mean expansion (in radio continuum) rate of (0.78 ± 0.09) per cent per yr over a 31 year period, equivalent to (8800±1200) km s −1 at a distance of 8.5 kpc;
• There are very different RM values towards the two so called (east & west) "ears" of G1.9+0.3. The expansion into the stellar wind of a RGS star progenitor could potentially explain the polarisation characteristics we observe for SNR G1.9+0.3. This hypothesis, however, would have difficulties explaining hydrodynamic properties of the remnant and its observed X-ray emission;
• G1.9+0.3 has a global spectral index of (-0.81 ± 0.02), which steepens to ∼ −1 towards the remnant's north, where we also find increased brightening of up to 195 per cent, consistent with brightening due to expansion into an inhomogeneous ISM;
• There is an average radio brightening of (1.67 ± 0.35) per cent per yr;
